The prevalence of metabolic syndrome (MetSyn) has risen 35% since 2012 and over twothirds of Americans exhibit features characterizing this condition (obesity, dyslipidemia, hyperglycemia, insulin resistance and/or endothelial dysfunction). The aim of this study was to evaluate the effects of a novel dietary supplemental organic mineral complex (OMC) on these risk factors in a rodent model of MetSyn. Six-week old male Sprague-Dawley rats were fed either standard chow or a high-fat diet (HFD) composed of 60% kcal from fat for 10 weeks. Rats were also treated with OMC in their drinking water at either 0 mg/mL (control), 0.6 mg/mL, or 3.0 mg/mL. The HFD-treated rats exhibited significantly increased body mass (p<0.05), epididymal fat pad mass (p<0.001), waist circumference (p = 0.010), in addition to elevations in plasma endotoxins (p<0.001), ALT activity (p<0.001), fasting serum glucose (p = 0.025) and insulin concentrations (p = 0.009). OMC did not affect body weight or adiposity induced by the HFD. At the higher dose OMC significantly blunted HFD-induced hyperglycemia (p = 0.021), whereas both low and high doses of OMC prevented HFD-induced endotoxemia (p = 0.002 and <0.001, respectively) and hepatocyte injury (ALT activity, p<0.01). Despite evidence of oxidative stress (elevated urinary H 2 O 2 p = 0.032) in HFD-fed rats, OMC exhibited no demonstrable antioxidative effect. Consistent with prior studies, mesenteric arteries from HFD rats had more uncoupled eNOS (p = 0.006) and iNOS protein expression (p = 0.027) in addition to impaired endothelium-dependent vasodilation that was abrogated by the high dose of OMC (p<0.05). This effect of OMC may be attributed to the high nitrate content of the supplement. These findings suggest that the OMC supplement, particularly at the higher dose, ameliorated several risk factors associated with MetSyn via a non-antioxidant-dependent mechanism.
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Introduction
Current estimates predict that approximately 20-25% of all US adults have metabolic syndrome (MetSyn), a constellation of symptoms characterized by abdominal obesity, dyslipidemia, hypertension, insulin resistance, and a pro-inflammatory or thrombotic state [1] . Several interrelated environmental and lifestyle factors contribute toward development of MetSyn and culminate in an increased risk for developing cardiovascular disease and type 2 diabetes [2] . The pathogenesis and underlying mechanisms responsible for developing MetSyn are still subject to intensive investigation; however, the role of excessive caloric intake and lack of physical activity are well established contributory factors. As a consequence of these factors, metabolic derangements including glucose and lipid dysregulation, insulin resistance, and endothelial dysfunction may be further promoted by oxidative stress and activation of inflammatory cascades [3, 4] .
Because central obesity and visceral adiposity are two common hallmarks of MetSyn, management of the condition inevitably involves pharmacological and/or dietary-induced weight loss and weight loss maintenance [5] , as well as increased physical activity [6] . Other dietary patterns recommended for MetSyn management include reductions in dietary sodium, simple carbohydrates, trans-fatty acids, cholesterol, and saturated fatty acids as exemplified by individuals adhering to the Mediterranean or Dietary Approaches to Stop Hypertension (DASH) diets [7, 8] . In addition to these overall comprehensive modifications to diet and lifestyle, several dietary components or bioactives have been reported to positively influence one or more MetSyn risk factors. Included here are turmeric, polyphenols, cinnamon, garlic, omega-3 fatty acids, and cruciferous vegetables [9, 10] . Ultimately, management and greater understanding of the underlying pathophysiology and biochemical mechanisms will result in greater potential therapeutic modalities in treating and preventing MetSyn.
As part of our longstanding interest in elucidating the effects of metabolic dysfunctions associated with vascular and endothelial derangements, we have utilized a high-fat diet (HFD)-induced rodent model of MetSyn. Previously we observed that rats fed HFD for 6 weeks exhibited hallmarks of MetSyn including weight gain, visceral adiposity, glucose and lipid dysregulation [11, 12] . Moreover, we previously demonstrated HFD impairs nitric oxide (NO)-dependent and independent vasodilation in isolated small resistance mesenteric arteries [11] . Interestingly, these effects were reversed by antioxidants or anti-inflammatory interventions [11] thereby providing potential avenues for MetSyn management.
The purpose of the current study was to characterize the effect of a novel and unique dietary supplemental organic mineral complex (OMC) on the pathophysiological and biochemical disturbances observed in this HFD-induced model of MetSyn. We observed this supplement, an organic mineral complex derived from plant and soil fractions, significantly attenuated several risk factors associated with MetSyn.
Materials and methods

Animal model
All procedures were approved by the Arizona State University Institutional Animal Care and Use Committee (17-1563R). Six-week old male Sprague-Dawley rats (157.5 ± 1.32 g body mass; n = 42) were purchased from Envigo (formerly Harlad Teklad) and randomly divided into two groups: either maintained on their routine standard chow maintenance diet (Teklad Global 2018, Indianapolis, IN) or switched to a 60% kcal from fat diet (Cat. No. D12492; Research Diets Inc, New Brunswick, NJ) as previously described [13] . Briefly, the composition of the chow diet in kcal was 24% protein, 58% carbohydrates and 18% fat whereas the high fat diet was comprised of similar total protein (20%), higher fat (60%) and lower carbohydrates (20%). The chow diet was mainly derived from plants (wheat, corn, soybean) whereas the HFD contained nutrients from several animal sources (lard, casein, lactic and 30 mesh), which models western diet intake. In addition, the carbohydrate content of the HFD was derived from both corn and added sucrose. Rats were fed the respective diets for 10 weeks.
Rats in each dietary group were administered 0 (control), 0.6, or 3.0 mg/mL OMC (provided by Isagenix International, LLC) in their drinking water throughout the diets. The dosage of OMC chosen for this study was based upon previous work by Deneau et al. [14] who evaluated a very similar ingredient in a mouse model of genetically-induced diabetes. Food and OMC-treated water were replaced every 2-3 days to prevent spoiling. Rats were exposed to 12:12 h light: dark cycle and were singly-housed to avoid coprophagic cross-contamination as the gut microbiome may contribute to systemic lipopolysaccharide (LPS) concentrations. Animals were allowed free access to water and food ad libitum. Study animals were euthanized by an overdose of sodium pentobarbital (200 mg/kg, i.p.) at the end of the 10 weeks.
OMC supplement
Organic mineral complex (OMC) used in the current study is a proprietary nutritional ingredient marketed by the study sponsor (Isagenix International, LLC, Gilbert, AZ) and is a constituent of their trademarked ingredient "Ionic Alfalfa". The ingredient is a complex natural product that is obtained in the initial raw state from several mineral mines in North America. It is extracted, isolated and manufactured for use as a dietary supplement by Mineral Biosciences, LLC (Goodyear, AZ) and is self-affirmed GRAS ("Generally Recognized as Safe"). OMC is an ancient plant and soil-derived material, similar to shilajit, that undergoes significant, proprietary isolation techniques to yield a soil-based blend containing over 50 minerals along with a high concentration of fulvic acid. Further chemical and biological characteristics are detailed in Table 1 .
Morphometrics
Body mass was measured weekly to assess changes in response to the diet and OMC treatments. Nasoanal length, tail length, and abdominal circumference (immediately anterior to the hindleg) were measured using a flexible tape measure at the end of the 10-week trial. Following euthanasia, blood was collected by cardiac puncture and the plasma isolated and frozen at -80˚C until use. The epididymal fat pad was extracted from each animal to assess adiposity as previously described [11] . Lee's Index of Obesity was calculated as cube root of body mass (g) / nasoanal length (cm)) x 1000 [15, 16] .
Glucoregulatory variables
Rats were food-restricted by providing an aliquot of food (2g/rat at baseline and 4g/rat at weeks 6 and 10) at 6:00 pm the night prior to the fasting blood draws. The following morning fasting blood samples (300-500 μL) were collected from the tail vein at baseline, weeks 6, and 10. Serum was then separated from whole blood and stored at -80˚C until analyses. Fasting serum glucose concentrations were measured via the glucose oxidase method using a commercially available kit (Cat. No. 10009582, Cayman Chemical, Ann Arbor, MI) according to the manufacturer's protocol. Fasting serum insulin concentrations were measured using a commercially available kit (Cat. No. 90060, Crystal Chem, Elk Grove Village, IL). Quantitative Insulin Sensitivity Check Index (QUICKI) was calculated as (1/(log insulin (mU/L) + log glucose (mM/L)). QUICKI is a validated surrogate measure of insulin sensitivity used in both clinical and animal studies [17, 18] . Studies of rats have shown that QUICKI is a better indicator of insulin sensitivity than HOMA-IR as it does not include a human specific-normalizing factor [17] .
Biomarkers of oxidative stress and hepatocyte injury
Plasma superoxide dismutase (SOD) activity was measured at the end of the study using commercially available kits (Cat. No. 706002, Cayman Chemical, Ann Arbor, Michigan). Urine hydrogen peroxide and creatinine concentrations were measured using commercially available kits (Cat. No. ab102500, Abcam, Cambridge, MA; Cat. No. CR01, Oxford Biochemical Research, Rochester Hills, MI). Activity of plasma ALT and AST were also measured at the end of the 10-week feeding protocol using commercially available kits (Cat. No. MAK052 and MAK055, respectively; Sigma Aldrich, St. Louis, MO).
Quantification of plasma endotoxins
Plasma lipopolysaccharide concentrations were quantified with a commercially available kit (Cat. No. 88282, Thermo Fisher Scientific Rockford, IL) per the manufacturer's protocol.
Endothelium-dependent vasodilation
Stock solutions of acetylcholine (ACh, 1.0 M, Sigma Aldrich) and phenylephrine (PE, 1.0 M, Sigma Aldrich) were prepared in deionized water, aliquoted, and stored at -20˚C until use. Following euthanasia, a midline laparotomy was performed to remove the mesenteric arcade, which was immediately transferred to ice-cold HEPES-buffered saline (in mM: 134.4 NaCl, 6 KCl, 1 MgCl 2 , 1.8 CaCl 2 , 10 HEPES, and 10 glucose, pH 7.4 with NaOH). The arcade was pinned out in a silastic-coated dissection dish and mesenteric resistance arteries (~1mm length; 126 ± 3 μm, i.d.) were isolated and transferred to a vessel chamber (Cat. No. CH-1, Living Systems Instrumentation, St. Albans, VT) containing HEPES-buffered saline. Isolated arteries were then cannulated with glass pipettes, secured with silk ligatures, and stretched longitudinally to approximate in situ length. Vessels were then pressurized to 60 mmHg using a servo-controlled peristaltic pump (Living Systems Instrumentation) and the vessel chamber transferred to the stage of an inverted Nikon microscope for analysis. Vessels were continuously superfused with Following a 30-minute equilibration of isolated arteries in PSS, vessels were pre-constricted with increasing concentrations of PE in the superfusate until they reached 50% of their resting inner diameter. Endothelium-dependent vasodilation was assessed by exposing pre-constricted arteries to stepwise increases of the endothelium-dependent vasodilator ACh (10 −9 to 10 −5 M, 3 min per step) in the superfusate followed by a calcium-free PSS solution (in mM:
129.8 NaCl, 5.4 KCl, 0.5 NaH 2 PO 4 , 19.0 NaHCO 3 , 5.5 glucose, and 3 EDTA) to measure the passive inner diameter. Intraluminal diameter (i.d.) was continuously monitored from video microscopy of bright field images using an edge-detection Vessel Diameter System (IonOptix, Milton, MA, USA). Vasodilation was calculated as the percent reversal of PE-mediated vasoconstriction.
Western blot analyses
Mesenteric arteries were isolated and snap-frozen on dry ice. Frozen arteries were homogenized in ice-cold tissue protein extraction reagent (T-PER, Cat. 78510, Thermo Fisher Scientific, Waltham, MA) containing HALT Protease Phosphatase Inhibitor Cocktail (Cat. 78446, Thermo Fisher Scientific) in 2 mL microcentrifuge tubes containing 1.5 mm zirconium beads using a BeadBug homogenizer (Benchmark Scientific, Edison, NJ). Homogenates were centrifuged at 14,000 rpm for 10 min at 4˚C to remove insoluble debris and concentration of proteins in the supernatant was analyzed using the Bradford method (Bio-Rad, Hercules, CA). Tissue sample proteins (50 μg/lane) were resolved by 7.5% Tris-HCl sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Bio-Rad, Hercules, CA). Separated proteins were transferred to Immuno-Blot polyvinylidene difluoride (PVDF) membranes (Bio-Rad, Hercules, CA) and blocked overnight at 4˚C in blocking buffer (100 ml Tween/Tris-buffered saline (TTBS), 3% BSA, 5% nonfat dry milk). For eNOS protein detection, membranes were washed in TTBS and incubated overnight at 4˚C with mouse monoclonal antibody specific for eNOS (1:2500; Cat. 610296; BD Transduction Laboratories, San Jose, CA). For iNOS protein detection, membranes were incubated overnight at 4˚C followed by a 4 hour incubation at room temperature with a mouse monoclonal antibody specific for iNOS (1:1000; Cat. 610431, BD Transduction Laboratories). Both membranes were incubated overnight with a rabbit polyclonal antibody to β-actin as a loading control (1:10,000; Cat. Ab8227; AbCam, Cambridge, MA). Membranes were then washed in TTBS and incubated with anti-mouse (1:5000 for eNOS, 1:2000 for iNOS) and anti-rabbit (1:5000) horseradish peroxidase-conjugated secondary antibodies (Cat. PI-2000 and PI-1000; Vector Laboratories, Burlingame, CA) for 1 hr at room temperature followed by washes in Tris-buffered saline (TBS) and a 1 min exposure to Pierce enhanced chemiluminescence western blotting substrate (Thermo Scientific, Rockford, IL). Immunoreactive bands were visualized by exposure to x-ray film (Kodak X-OMAT, Thermo Fisher Scientific, Pittsburgh, PA). The developed films were analyzed using ImageJ software (NIH) and eNOS as well as iNOS protein levels were normalized to β-actin and expressed as a ratio of the Chow control.
Statistical analyses
All data are expressed as means ± SEM. Data collected at multiple time points (body mass, glucose, insulin, and endothelium-dependent vasodilation) were analyzed by two-way repeated measures ANOVA with diet and OMC dose as factors. Percent data were arcsine transformed to approximate normal distribution prior to analyses. All other data were analyzed by two-way ANOVA with diet and OMC dose as factors. Where significant effects were observed, Tukey posthoc analyses were used. A probability of � 0.05 was accepted as statistically significant.
Results
Morphometrics
HFD rats gained significantly more weight compared to respective Chow-fed controls (Fig 1) . Similarly, epididymal fat pad mass, waist circumference, and naso-anal length were all significantly increased in HFD rats compared to controls, although tail length was not different between groups (Table 2 ). Lee's Index of Obesity was not significantly different between HFD and Chow-fed rats indicating that the rats were simply overweight as opposed to obese ( Table 2 ). OMC did not affect any morphometric variable (Fig 1, Table 2 ).
Glucoregulatory variables
Rats developed significant hyperglycemia following 6 and 10 weeks of HFD (p<0.001 and p = 0.025, respectively) compared to Chow controls (Table 3 ). While administration of low dose OMC (0.6 mg/mL) tended to reduce HFD-induced hyperglycemia (p = 0.067), high dose OMC (3 mg/mL) significantly prevented hyperglycemia at 10 weeks (p = 0.021). OMC had no effect on fasting serum glucose concentrations in Chow-fed animals. By 10 weeks differences in fasting serum insulin were significant between Chow and HFD-fed rats (p = 0.009). Similarly, fasting serum insulin concentrations tended to be higher after 6 weeks in HFD rats treated with 0.6 mg/mL OMC compared to the respective Chow controls (p = 0.064). QUICKI was lower in HFD control rats after 6 and 10 weeks compared to Chow controls (p<0.001). HFD rats supplemented with 0.6 mg/mL and 3.0 mg/mL OMC also had lower QUICKI than Chow animals at week 6 (p = 0.031 and 0.008, respectively) but not at week 10 (p = 0.145 and 0.552, respectively). OMC treatment did not significantly affect QUICKI in Chow-fed animals nor did it significantly alter QUICKI among animals fed HFD.
Biomarkers of oxidative stress
Plasma SOD activity was significantly higher in Chow rats treated with 0.6 mg/mL OMC compared to HFD-fed rats treated with the same dose (p = 0.047; Fig 2A) . This difference was likely driven by the elevation in SOD activity in the Chow animals. No other changes in SOD activity were observed. HFD-fed rats without OMC treatment had significantly elevated urinary concentrations of H 2 O 2 compared to Chow-fed untreated animals (p = 0.032). Urinary H 2 O 2 concentrations were not affected by OMC (Fig 2B) .
Quantification of plasma endotoxins
Plasma endotoxins were significantly elevated in the HFD rats compared to Chow control (p<0.05; Fig 3) . However, treatment with OMC significantly blunted HFD-induced endotoxemia at both 0.6 and 3.0 mg/mL OMC (p<0.05; Fig 2C) . No effect of OMC toward plasma endotoxins were observed in Chow control-fed rats.
Biomarkers of hepatocyte injury
Plasma ALT activity was significantly greater in HFD rats compared to Chow-fed animals for all doses of OMC (p<0.005, Fig 4A) . The high dose of OMC significantly mitigated the increase in HFD-induced ALT activity compared to both the HFD control (p<0.001) and HFD low-dose (p = 0.007) treated animals ( Fig 4A) . Additionally, the low dose of OMC significantly reduced HFD-induced elevations in ALT activity compared to Chow-fed animals � p<0.05 HFD vs Chow; #p<0.05 HFD + 0.6 mg/ml OMC vs Chow + 0.6 mg/ml OMC, †p<0.05 HFD + 3 mg/ml OMC vs Chow + 3 mg/ml OMC; n = 6-10 per group. treated with the low dose (p < 0.001). In contrast, there were no significant differences in AST activity between or within the groups (Fig 4B) .
Endothelium-dependent vasodilation
Endothelium-dependent vasodilation of ex vivo arteries from HFD animals was significantly impaired in comparison to arteries isolated the Chow-fed controls (Fig 5) . OMC was effective at both doses at preventing the HFD-induced impaired vasodilation (Fig 5B) . In contrast, the low dose of OMC impaired vasodilation of ex vivo arteries from Chow rats, although responses to the higher doses of ACh were normal (Fig 5A) . The high dose of OMC increased vasodilation compared to the low dose in arteries from Chow-fed animals (Fig 5A) .
Western blot analyses
Results from the immunoblot analyses show that high fat feeding resulted in significantly greater protein expression of the inactive monomeric form of eNOS (140 kDa) (Fig 6A, Two- way ANOVA: Diet p = 0.006; OMC p = 0.122, Interaction p = 0.338). Tukey posthoc analyses show that eNOS protein expression was significantly greater in mesenteric arteries isolated from HFD rats treated with 0 mg/mL OMC (p = 0.018) and 3.0 mg/mL OMC (p = 0.031) compared to Chow-fed rats treated with the same doses of OMC. eNOS protein expression also tended to be higher in Chow-fed rats treated with 0.6 mg/mL OMC (p = 0.058). Direct comparison of Chow rats treated with 0 mg/mL and 0.6 mg/mL OMC by Student t-tests revealed a significant increase in eNOS protein expression in the OMC-treated animals (p = 0.039).
Immunoblot analysis in isolated mesenteric arteries also revealed significantly greater expression of iNOS from animals fed HFD and was unaffected by OMC treatments (Fig 6B, Two-way ANOVA: Diet p = 0.027; OMC p = 0.462; interaction p = 0.930). Tukey posthoc analyses revealed no other significant differences.
Discussion
The present study evaluated and characterized the effect of a supplemental OMC on MetSynassociated biochemical and pathological events in a HFD rat model. The OMC supplement is a soil-derived complex primarily consisting of a combination of minerals, trace elements, organic acids, particularly fulvic acid, nitrates and various other microbial degradation products from plant and animal origins. Results from this study demonstrated that OMC attenuated HFD-induced hyperglycemia and endothelial dysfunction, which are features of MetSyn that warrant further investigation. Metabolic syndrome is a cluster of several risk factors that collectively are associated with increased prevalence of cardiovascular disease [19] . Diagnostically, the presence of three or more of these risk factors-abdominal obesity, elevated fasting glucose, dyslipidemias (reduced HDL and increased triglycerides), and/or hypertension-define MetSyn. Previous Metresearch from our laboratory has confirmed HFD feeding promotes symptoms consistent with MetSyn-associated sequelae [11, 12] . For example, HFD feeding to 6-week old male Sprague-Dawley rats increased body mass and abdominal adiposity, impaired endothelium-dependent vasodilation, and elevated fasting glucose. Similar findings have been reported in the An organometallic complex reduces risk factors of metabolic syndrome
Wistar rat [20, 21] thereby supporting a strain-independent, pathological similarity in this diet-induced model of MetSyn. Protection against several MetSyn-associated pathological changes were afforded by OMC whereas others were unaffected. For example, OMC-treated animals were protected against HFD-induced hyperglycemia. This protection may be attributed to several biological or chemical properties exhibited by the materials' primary components. First, OMC is rich in minerals and trace elements and this mineral profile may be favorable against several HFD-mediated pathophysiological endpoints including glucose and insulin regulation. In this context, increased intake of several dietary minerals have been associated with a reduced risk for developing MetSyn [22] . Additionally, fulvic acid was recently reported to stimulate insulin secretion in pigs without affecting glucose concentrations [23] . We did not observe any influence of OMC on either serum glucose or insulin levels in Chow-fed rats, but a pronounced glycemiamoderating effect was observed in HFD-treated rats. Using a very similar soil-derived An organometallic complex reduces risk factors of metabolic syndrome mineraloid compound, leonardite, Deneau et al. [14] reported reductions in blood glucose and glycated hemoglobin employing a genetically-modified mouse model of diabetes. Mechanistically, these authors speculated some of their observed effects on glucose status were associated with increased gene expression of mitochondrial and energy-regulating enzymes. Interestingly, these researchers also reported less weight gain with their ingredient compared to control-fed animals whereas in the current study OMC had no effect on weight gain. Overweight and obesity-central features of MetSyn-are also associated with endotoxemia, insulin resistance, hyperglycemia, and endothelial dysfunction perhaps proceeding increased generation of inflammatory cytokines and oxidative stress [24, 25] . Once initiated, oxidative stress can further impair endothelium-dependent vasodilation by increasing vascular levels of superoxide anion (O 2 � �) and a concomitant reduction in the bioavailability of the endogenous vasodilator nitric oxide (NO) [11, 12] . Indeed, this endothelial dysfunction has been reported in obese patients [26] and was observed in ex vivo arteries from animals consuming HFD in the present study. The observed increases in the expression of the monomer of eNOS indicate uncoupling of eNOS, which may explain the impaired vasodilation observed following HFD and the mildly impaired vasodilation observed in the Chow animals treated with 0.6 mg/mL OMC. Similarly, the increase in iNOS protein expression in mesenteric arteries from rats fed HFD (at all doses of OMC) helps explain the impaired vasodilation that was observed as enhanced iNOS expression is frequently observed under pro-inflammatory conditions. OMC did not prevent increases in iNOS protein expression or the uncoupling of eNOS. Endogenously produced nitrates from activation of eNOS reportedly contribute up to 70% of circulating nitrites, with dietary sources of nitrates and nitrites contributing to the remainder [27] .
Dietary nitrates derived from vegetables and fruits are increasingly recognized for their cardioprotective benefits [27] . These benefits are attributed to the blood pressure-lowering effects arising from conversion of dietary nitrates to nitrites by oral commensal bacteria [27] . In fact, the Dietary Approaches to Stop Hypertension (DASH) diet is thought to reduce blood pressure in part through increased consumption of fruits and vegetables resulting in dietary nitrate concentrations between 174 and 1222 mg [27] . While not comprised of fresh fruits or vegetables, analyses of OMC show the soil-derived complex contains 1230 ppm (mg/L) nitrates, An organometallic complex reduces risk factors of metabolic syndrome Multiple factors contribute to chronic oxidative stress and inflammation in individuals with MetSyn, including chronic hyperglycemia, endotoxemia, and diets high in saturated fats. The association between HFD and saturated fat intake was described recently by LopezMoreno et al. [28] who noted elevated postprandial plasma LPS purportedly due to HFD promotion of LPS intestinal absorption. These endotoxins, once released from the lysis of gramnegative bacteria in the small intestine [29] , induce Rac/NADPH oxidase-dependent O 2 � �gen-eration by stimulating macrophage release of proinflammatory cytokines resulting in further propagation of oxidative stress [24] . Thus, despite no observed antioxidant activity by OMC, the complex significantly reduced endotoxemia. Although not measured in the current study, several potential, non-antioxidant-based mechanisms may explain this protection: 1) fulvic acid, a component of OMC, has shown anti-inflammatory activity through inhibition of ERK/ JNK and COX-2 expression [30] , 2) the compound also provides anti-microbial activity [31] and 3) shilajit, another earth-based complex frequently utilized in traditional medicine and rich in fulvic acid, also possesses a potent anti-ulcerative effect [32] . In addition, other multimineral rich natural products have demonstrated considerable hepato-and/or gastrointestinal-protection. In this context, research from Aslam et al. [33, 34] reported significant reductions in liver injury and gastrointestinal inflammation from mice fed HFD but supplemented with a mineral-rich seaweed-derived preparation. Collectively, these reports hypothesize mechanisms by which OMC may alter intestinal permeability and protect against endotoxemic damage to the gastrointestinal tract. Prior research in our laboratory has shown that urinary increases in H 2 O 2 were not evident at 6 weeks [35] . Data from the present study show that following an additional 4 weeks of HFD resulted in increased urinary H 2 O 2 .
However, our data do not support an antioxidant role of OMC as these levels were unaffected by the supplement. It is of interest that oxidative stress was not attenuated by OMC, an observation that may suggest OMC ameliorated pathophysiological disturbances of HFD- Isolated mesenteric resistance arteries were preconstricted to 50% of resting inner diameter then exposed to increasing concentrations of ACh in the superfusate to obtain percent reversal of phenylephrine mediated vasodilation. Data are expressed as mean ± SEM. Data were arcsine transformed prior to analysis by two-way repeated measures ANOVA to approximate normal distribution.
� p<0.05 vs respective control; �� p<0.05 vs Chow control; #p<0.05 0.6 vs 3.0 mg/mL OMC.
https://doi.org/10.1371/journal.pone.0221392.g005
An organometallic complex reduces risk factors of metabolic syndrome induced metabolic disturbances via non-antioxidant-dependent mechanisms. Although fulvic acid itself has demonstrated in vitro antioxidant properties [36] our analysis of OMC revealed a low overall ORAC score. Elevated levels of ROS such as H 2 O 2 have been linked to the development of hepatic steatosis by free fatty acid peroxisomal beta-oxidation [8] . The generation of ROS can induce apoptosis of hepatocytes, promote an inflammatory response and increase ALT activity, a key indicator of liver injury [37] . Moreover, an associative relationship between liver injury and endotoxemia has been reported by others. For example, Kai et al [38] observed LPS injections exacerbated liver injury in HFD-fed rats via mechanisms implicating elevated peroxisome proliferator-activated receptors (PPARs) and beta-oxidation enzymes. Furthermore, inflammatory genes are activated in adipocytes through the generation of free radicals [39] . Our collective results of both the hepatoprotective and gastrointestinal-modifying effects of OMC observed in the current study suggest multi-faceted mechanisms contributing to its overall benefits in this model of MetSyn.
A limitation of the current study was the small sample sizes in each group, which may have limited interpretation of the outcomes. Limitations of the ex vivo vasodilation studies included the lack of measuring endothelium-independent responses to NO using a nitric oxide donor such as sodium nitroprusside as well as measurements of the role of oxidative stress in the vasodilatory response with each treatment. Other limitations of the current study include examination of responses in only male rodents and lack of data on blood pressure as well as food intake.
In summary, the present study demonstrated OMC, a novel and unique soil-derived product, prevented several of the complications associated with HFD-induced metabolic dysfunction. We hypothesize that the combination of organic acids, trace elements, nitrate and mineral composition of the supplement function collectively in this protection via non-antioxidant mechanisms.
